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ABSTRACT 
This paper examines some methodologies for diagnosing correctly designed 
radio circuits which are failing to perform in the intended way because 
of some faulty component- Particular emphasis is placed on the utility 
and necessity of good teleologlcal descriptions in successfully executing 
the task of isolating failing components. 
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I. IntraducliOn 

We believe thai problem solutions, whether Ihey ire cort'outer pta-grams, electronic, ti re ui hi, or 
mathematical proals, are deliberately designed . 9oth design and diagnosis lie. repair) are processes 
wherein aMernale sa-utons are proposed, evaluated, and debugged. We think the mos1 elective 
processes are I hose we call 'Problem Solving by debugging Almost -Fright Plans* CPS80ARP) ^Fahlman 
1973. FaHman 19?^ Sussman 1973, Suesman 1974, Golds I »in ig?4a> Gc^dsleim L974b^, We wanl lo 
understand lh* important features ol 1h# protest ol design and (h* relationship of th#s* fefflim to 
the- orEjnii^lion oi deliberately designed structures. We 1ct1 l"Nal the micrO-wOrld ol radio circuitry ■( 
i reasonably constrained, yel interesting, domain in which lo examine PSBOAFfP < Brown 1974, 
pvtDefmDlt ]97fl>. This paper is. an exploration ol ore imr>ortant pari of the problem oF debugging 
such circuits, (hjt ot localization o[ tailures . 

There *rn s£>m« very obvious leatur** el arty product ol PSSDfrflP. Every such iystern it made 

UP of distincl parts, b* they slater-vents fll a program, electronic C0™p0n*nts, Or lines 0< a prQOt. Fach 

part has a purpose — there are no accidental p**ts ^although th«re may bt vestigial pads whose 
purposes are no longer relevant). Most important, the syslem must have been debatable ; bus* 
arising In the design must have been locally patchable. This requires that the system nut be 
completely synergistic, There must be Specific aggregations at parts. — modules having diatincl and 
somewhat independent Functions. These modules miy only interact in constrained ways Through 
distinguished interlaces called ports. 

Mathematical proofs are segmented into lemmas, each erf w*»cri can be debuEE^d privately. 
Frograms have subroutines and macros, often hierarchically arranged, fiadios are hierarchically 
mod Jar. They are divided into section, stagfrs, reworks, ard atomic cornpq-ents. Animals too have 
Organ system*, Organs, tissues, and cells. TM is no accident, The only animals which could have 
evolved are ones m which a minor design change would not "ave global side eFlecls. 

Paris {modt/es are hgher-level parts) must be described. The description 01 every part in a 
deliberately designed syslem has a1 ImsI two components —what it is, and what it does in a 
particular instance 01 its use — the intrinsic *nd ettrinsic descriptions r*sp#cNely, or in the language 
of Freeman and Ftewell ^Ffeeman ]9/]> "structural" and "limctional" descriptions. Thus, * S^Fd, ZQV 



capacitor (jnlrinsic description^ nt*y serve » an interslage coupHng capacitor nr emitter-bypass- 
capacilor (entrinsic descriptions}, A n*r row -bar^H, high gatn amplifier may serve as an IF ampliFier 
(exlrinsk description). Art extensible muscular bag lined wi-th a particular kind oF mucnus memkrjtne, 
tlosable al Two pOrls by sphincters (in shorl, a stomach] may ttrwi as a vessel m whicti lhe firs! 
stages Ol 1he digestion oi proteins is performed The Chinese Remainder theorem «s rnlrinskally a 
IheOrem aboul modular arithmelic, but when used at a lemma m Gode-l's ^completeness theorem, it is 
pari of a scheme Fgr encoding, and dec<3dmg WF^s. 

This paper describes the design for a program, LOCAL ipaftt ol a ls*sj*r PSFJOAIM' system), 
whose purpose is 10 localize failures in electronic circuit* — thai it, to find th* smallest (mO&l 
embedded! module in a circuit which completely contains |he inlure, the program we shall describe 
will be able to diagnose a wide range nl r*sfo elf GUits, II Is not dtsigred with &ny one circuit in mind. 
The wide, r*nje of applicability prerl-jdes a diagnosis solely by methods OF table-look-up ^though ■( is 
poss-hlr to diagnose a particular cercuil this way.} Rather, i| encourages abstracting diagnoses from 
an understanding, ol the cifcuirs design. Thus we hope to learn how the principles of electronic 
circuitry relate to the principles o1 Failure localization in cetiherate systems, 

Fdodule* al (ii'lerenl levels 0< Organijalkfo oF a hierarchical system may require v*s|1y different 
a.naly1ical 1-ethniquCs for (hmking about lhose modules. A compter computer program written in LISP 
may hr drsmbed wilh bindings, functions, condi'ional expressions, etc. A; the feval Cfr machine 
implementalion pi LISP wt see garbage cOHeclion, interrupts, and two's complement arithmetic. The 
machine is made of registers. Pusses, ports, elc. The logic is made of TTL r CtJOSt 0*- transistor*. 
Transistors are understood In terms of statistical mechanics, quantum theory, and MwwelPs Equations. 
In animals there is a clear jump at the :::..-cnr>- -^1 or&an and tissue, tvtorphslag^ai considerations 
prevail in discussing organs and a*gan systems; fchDchei™ca1 considerations a*e dominant it Ihe level 
of I Issue and cell. En radios loo, there seem lo be at least two dislmrl detains, 55 ages and sect oris 
are the domain of j -ig.nu ; prdccis nj.. Wp speak <tf mixers k asciHatDrs, amplifiers, and detectors as 
Operating «p, signals. ir»tra-s1age Hnalysia, in conic est, It lha domain oF voltages^ currents f and 
lippeda^es, 

LQCAL is a hiet wchai structure of experts, one for each generic class ol module- The structure 



Is lotally Imposed in tN; sonse that. \h« decision as lo wf al expeM shc^d be called next resides 

largely wilh individual module experte r*th»# thin so™ ex1*rnai igp"1. Figure 14 itlustral^t the 

basic, layout oJ all experts, Th* |*r*ral mods oJ Opera! on is as follows: When LOCAL re presented 

with a module suspfttttd Df iwHunctiOning in 3 specific way h the expert lor tindmg bugs in modules of 

lhat das? ij. titled wilh a description o' 1h* symptom^ Observed al the ports of thai module. Thus 

Ihe RADIO e*per1 m»y b* itiled wilh IN) symptoms NO OUTPUT or DISTORTION ON STRONG SIGNALS- 

The FOWER-SLFPiY expert might be tilled with (tie syn-ptoir |:MGOfiRECT VOLTAGE, Exptrh ire loath: 

to pul lhe blame on their associated module*. Hence when called wilh any symplom, an. experl First 

checks Ms module's inputs and then verifies thai the claimed aymplom is really there. (This 

deter minetiOn will he further explained in sedion 3.) The e>perl, having oonvinted himself of the 

Symptom, must then pin 1he blame on some submOdule of his module. Fiicing. the blame requires. 

proposing a tartrate. Several proposal techniques are utilized including i priori probibi li h es 0< 

failure, "Knowi*-^ the answer," matching I ha complain! agairrsl the extrinsic purposes- of s-ubmodules, 

and tracing. Given a proposed la-lure mechanism, LOCAL must check that the failure could lead Co Ihe 

Observed misbehavior, i.e. is il a salislacrory explanation? {SatiiFacl«n musl be determined wilh 

respect to the particular circuit being examined since the proposal may have been based on general 

principles 1hat are not applicable in the present instarce.J This entails forward causal reasoning thai 

may be trivial, as is the case when tracing, -or quite complex* as will be evident in some ol the mlra- 

stage debugging scenarios lhat we will see shorlly. The Final step is to verify that 1he claimed trouble 

it. th* ittyat "rouble, This varifiR^tiOn stfrp it a recursion step, for awjfher expert (associated Wilh 

the nitwHy proposed tiling suhmQd'jl*) is invoked with |he failure complaint Recursion terminate* on 

invoking an expert who cannot loc?li» th* problem to some mor* embedded submodule. 

An obvious case OF "his s an expert 'Or an alomic component, e.g. a transistor. A more 
subtle- case — suggested to us by Marvin Umsky — 15 faille due to gMMTll overheating 
wherein all moddes are to blamet hence Ihe recursion lermmales wilh Ihe RADIO experl. 

Since each step in an experTs processing schema may fail, an expert may return failure mess^gf/s as 

wttll at success message* to its cjH*n This nwM* is not failing!" "Thrs module it failing because 

f suOrrrofiu Te.} ii Tailing in (description} way." Tins module fs failing but the teilure locus cannol 

be resolved turlher." A" expe r l may also complain that ilv taller it unfair — This module is npt 
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3?;:-;'i :yr=c! in:'jl o- (purl-fra/^>.' Wc- *-3u!d I Ko to -rrp'tstt Z"v mWihanal rfraru<e or 
LOCAL'S experts 1hat is repealed by Figure 1.1: an evpert factors into 1) an expert -independent 
control structure thai is cOmnwn to every tevel ol th* hierarchy Imposed by LOCAL, and 2) detlaralive 
ard imperative knowledge peculiar to that enpert. In the sections that Follow we shall be investigating 
the nature, and u$e o( the experl-specitic *now ledge. 

LOCAL will not he able tq accept a bare schematic diagram at the radio circuit to be diagnosed 
We help LOCAL out by annotating the diagram, parsing it into the module hierarchy implicit in 1he 
design representee by the diagram, As part oF a PSED^P syslem, the plan maker wflP certainly leave 
this information On its plans. For reading of e-^cnjilly supplied Kccnatics, we intend to construct a 
program capable of doing I he parting. The slandard names 01 the mCdiries carry with them various 
descriptive comments about Ihose modules. 

LOCAL communicates lo * human assislaril tin the 5*me descriptive language as, used inside the 
program! what messuremBnts aro to be made, what reaps ate lo be broken and lied nif, what signals 
are to bo gcncralc-d nnj wh?1 parts are "a be removed and tested {by applying suitable signals to 
1hem! Wo assume, of cours*, I h? aval utility of whatever signal generate rs and test instruments are 
necessary 1o carrying Out the assigned tasks. 

2. AWQTATIHG CIRCUIT DIAGRAMS 

The electronics repairman musl be able to underhand a circuit in order to repair it. This 
underslanding is refl*c1ed in a process o1 anndlaling a circuit diagram 10 indicate the subprablern and 
solution hierarchy at the circuit designer (see ^Goldstein l$74i> *<*$ *Ruth LJ7fl> on annotating 
simple programs!. What is Ihe resull OF this r-ou: ; r '' r hc purpose of each part in the circuit 
diagram* is determined. An e«lTinsi<; comment describing ho* 1he pari contributes to the proper 
functions of Ita n*rl higher level module is adr-buted to 1ha1 part. Extrinsic comments are 'positive" 
in the sense 1hal they I elf what is. to he en petted iF >& design is working properly. Why not also 
have negative commentary indicating what ihoyid happen H a component were to fail? The reason if 
that Ihe designer is only aware ol the positive comments on completing Ihe design. Negative 
commentary i 5 not (usually] necessary to understanding the design, Though there are design features 
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thai prevent bv2,s from Occurring. Moreover we think 1ha| utvtfcrstinding lhe underlying c*uses -al 
failures depends on under landing what lh« cirtuil OugM to be- dohg. 

We do not now know how fa wrile i program (hat produces a complete annotation From a bare- 
circuit diagram. We do, however know vome of (he Features such a program must have. As wrt,h 
rither proc-csse* combining, oarsing and retD|nitio« — speech recognition and vision (or txampte -- 
parting p c-ircwl diagram into annotated submodulis is. glided Bit leas,) as mueh by B-ipecla-tion as by 
syntax, in a, recenl 'manual" &ffarl it annotating Ihe Healhkrf DR-7B f«ie**r <H*athfcit \§i$>, wb 
were- puzzled by Ihe circuit Fragment of F«jur« £.1. We immediately recognised (ho wjdut* above- [he 
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dolled line as a vnlt*g# rf&ubler h enceot tar 1he resistors H421 and R425. S<nce the resistors aire in 
series, between Iwo consist voltage node*, il « a good hrr th*| they are a vollage divider, H»nce 
ER4?4tff42Si seem* 1o offset the AC eulput Of Ihe doublet by a DC tOnitant. Why? Eventual y w» 



recalled lhal we had never ?a„n<i b ' n e toj'ce of bias For 1he second gate ol the depletion mode IGFET 
{insulated gate lie id eMscI Irafsistor), Q10I, (]] must have * non-zero bits in order for the IGFFT la 
do anything useful.} The unexplained DC oFfsel could provide such * b*it. Since the upper nelwork is 
an AGC (automatic gain control) and the lower is an PF (ridio-Frequeney) ampliFier, our inlerpretalion 
is Indetd correct. 

We have in mind a program lhal coutd carry put such analyses in the (ram* paradigm of Minsky 
<Wins*.y ]97fl>. We tmaginge a voltage doubler frame attempting to explain 1he voll*ge otfsel and jiri 
tGFET France Irying to <ind a bias 1or He secord gala. The two Frames meet by virtue oF having a 
common port, and become happy by offering mutually Salvador y explanation^ 1he "unfulfilled 
e^p-ectaHon" ~ bias On the second gate {i cdnslraii'l) ■- malches llie 'unexplained modu'e" ~ 'he 
mysterious voltage divider (which mu*1 bt assigned i purpose). Sine* a great cfeel pF passive circuit* y 
it contemned with making non-ideal active components look more idea', a good general sfralrr.y for 
parsing circuit digram* ■; [3 $\m orith the active components and spread Outward. A pair of 
resistors iX the bate of a transistor and connected (0 separate fX-fked nodes is probably a basO 
biat vphage divider. If the transistor m addiliOn, has emitter resistor, il is orobaPly curing operated 
In * dsss A regime. Moreover, if there <s a capacitor connect r$ |he collector of 1he transistor to th» 
bate ol yet another Ira^sistor, Ihe capacitor is probably an inlar-sta-ge coupling capacitor This 
capacitor would deFm* a sFage boundary. I>derslanding ckcuil diagrams seems to be a matler oF 
parsing toe down from 1he bOltom up. 3y this we mean that we f|jr prt particular cewi*cment$, (or 
collections- pf co-fn<poneiits), jump |q a conclusion about the us* of Fhps* component*, and attempt to 
juslify the conclusion by Idcaling appropriate additional contiguraliOns Of components. In justifying a 
conclusion, additional refining conclusions ma/ be tentatively made. This relaxation ^Wallz t97?> 
proceeds until the tensions -caused by unexplained parts are relieved. 

In the course of parsing a circuit's components into Ignctional modules, we find that a 
component (or yubniodule) may belong to more than one module. A trivial example of this is the inter- 
stage coupling caoacitdr. [5 it pari Of the input stage, the Output stage, Or an entity unto M$*H? All 
may be true depending upon the point oF view. A similar amoiguily can be seen in the circuit of 
Figure 2.1 hy considering the extrinsic and iilnnsic commentary on FUCPI a^d CIO?. Eictrinsicalty th*y 



form a low pats filter to pro I eel the second gate of QlQ-l Uom ra.dio Journey AC. Such AC tan 
ariie fl-ifher irom ngp$e on the power input port, or tram feedback Ihrough CI 01 itself. Intrinsically 
howtVBr, (fiHU,CI07) it i series combination to DC £NH-d from AGC»]'s po^t Of view and e parallel 
COmbinalion lo AC p,round From QlOrs-pOinl of view. 

We have been assuming until now that the design supplied -circuit diagram has nothing on it 
but cpmponenl names and values, and «nr*clioi! inlormalion. Thi* is almost never the case, |n f«t, 
all OF the diagrams we have ever seen indicate |ht b.a* values for «tJyS cOmpononls, distinguish 1he 
various functional stages, Hid (Minguish various control variable* tbolh infernal and (sternal) in The 
radio. A circuit diagram annul a|mg program can -- *Kd *Wd - m** use Of such information, for 
ewmple, the digram ter the GR-7& indicates that Q10L OF Figure ?.| Is part Ql an RF amplifier, the 
annotater should know th»t SF ampliueri typical!/ have variable -tuned circuit* at thair input and 
Oulput sides. Tno complete tAiplirier, shewn ,n Figure 2 2, has parallel LC combinations at bold I h* 
gale .v.iJ evil :.icEF. cl ^Hl. T-e variably ?F the capacitor dishes !ne n-nlFc a -d a rusnrWp 
annotater would collect those components inlo modules and cornirsnnf Ihem is E Jn E ed (uning circuit*. 

Setere leaving the matter of parsing, we woufd lias lo consider a fragment of a cOmptalety 
par 5l? d radio. Figure 2.3 is a block digram (a partial Junctional parsing-) of the QH-7& It is a rather 
■sophislicated general coverage, super-heterodyns, AM reteivftr L This sheferori. to which addition* ■ 
comments will be attached, can he gleaned IrQm enplitif commentary J o^nd on :he mjn y 4 ^-tjrer 
Supplied circuit diagram of |h* GP-7B. (The parser also imposes prejudices of its Own in coltettihg 
stages into larger modules.) Throughout the rett of this paper, wg win be doling wilh failures thai 
*rbe in \hn particular design. We will expand the slages into dehMed subtireuits at it becomes 
necessary, 

We will now cgnsrdtr a detailed annoFatiOn at lbs Mirer slaga of figure) 2A The Olrtrins-c 
purpose of , ™er is to "mi* -down' the modulated broads) Jraeuancy lo modulated Intermedia 1 1 
frequency, tetrrnsrealry II is a narrow -band tat the Oulput side) RF amplifier whose gain in controlled 
fey the vol! age on the Oscillator port, £F*2v6,C20J l LZQll is a narrow -band, parallel luned tirc-uH, 
centered *l 45S»iH3;. fcTjrtrmBicaily, it provides a narrow-band constriction for tha stage's Outpul port. 
(LE03.C2C6} is a series-turwd circuit centered at SlOkHz. ExtrinwHlly it \t a wide band frequency 
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trap. Q20L provides 1he stage's variably gain. (We will *1 s iv * intrinsic commentary for individual 
components since they are already an 1he diagram.) R202 is * source Feed-back stab-ilillng register. 
C203 i$ a source bypass capacitor providing an AC shuM to increase Ihe staged incremental sain. 
P201 provides negative bias ho 1h* lirsl gale. {H20a,B203] It a vcttaae didder. Extrinsical ly it 
provide the positive bi« For 0.201*6 setfcnd gate. ]H2Q5£ZQq} is extrinsically a low pass filter that 
keeps the top al P200 DC-fited despMe RF on the secO*id gate h (l» drain, or th* power port. Frcwr, 
Ihe power port's point of vie* {R205.C2Q4J is intrinsically a Series eomhinafien to ground, while (ram 
Ihe oscillator po*Ts point o-F vie* it is a parallel combination to incremental around. C3DB end CI 1 1 
are OC blocking capacitors (or thfrir respective port*. On iinsl piece of ttifmsk commentary on the 
miner ■$ that L20J is cen1*r-1*pprrd sd as 1o insure |h|| Ihe Q of Ihe output luned circuit is $el by 

■ 

3- INTER-STAGE DFBUGGEMG 

Let us examine the localization ohoceps in mare detiil i| (hi levaF of sigral processing ~ inter- 
itHte dob-usgi^B- Suppose ihe RADIO 8*0*1-1 ii presented with this radio and the symptom (MO 
OUTPUT, the RAD3Q erptrl, as per the scheme of Fijure J. I, checks his power input port (to make 
sure that the receiver is plugged inH and then the antenna terminal to see thai there is, some signal lo 
process., text he checks In* Outp«1 port and verifies thai there * no signal leaving — as claimed. 
The RADIO expert cannot opm any of his svbmodules and look into Iherrh He must be content IP 
examine thei* ports and compare what he sees wilh what ought to be there. 

Because bugs in the power supply have such global consequences, lha ftADtO expert is 
prejudiced toward prtSposine problems in- the power supply lirsl. Each pOwor supply oupul port is 
proposed in turn as haying an incorrect voltage. The proper! j ¥ deemed satisfactory it Ihe Obvious 
measurement shows I he vOUage to he Incorrect. (Correctness is deduced from Ihe evlrinsic 
commentary On Ihe power supply.) tr any such port does not pass inspection - say, one to the audio 
section - SUSPlClOUS-FORf Is applied 10 it. SUSPICIOUS-PORT mediates between stafi* experts'. II 
is ekpar Specific imperative knowledge, e.g. a chunk of cod* whose use is known to stage experts, 
As, is illustrated be1ow> il catches complaints From inFerior eap*rts and recommend* to the calling 



expert's proposer what port should be susoedad next. SUSFKKXIS'POPT determine* if silher, |) 
Th* fauH i 5 m the source ot Ihe port fin This case th* power supply) for n&t producing Irm right s,Mf 
ao fjHt fo. 2| The fault "5 in a tarjet oi the port, say the audio section, tor Overloading the pert. 3)- 
Overload' p& by the 1af£et has caused » laifure in the source. 4) O overdoing by Ih* source has 
caused a future m the tarrjel Thus the RA0]O expert would lirsl tall up (via SUSPICIOUS -P£FT) the 
POWER-SUPPLY expert, then the AUDIO -SECTION expert, m both may have tmg*. 

If, how*ver, Ihe power juppty porta are OK, the RADIO esperl proposes that If* n *wt plate to 
leak is She oupul madide (in this case Ihe audio (action). Thus SOSPECiOLTS-PORT it applied lo Ihe 
output porl oF the audio section. Previous verif kal ion of the radio's had Output makes an aud>0 
section bug a sat i , .::-f;'j.- proposal. <Wa1 « thai since this port has only an input side, SUSPICIOUS - 
PORT ha* only the Firs! opl*n listed above.) The AUDIO-SECTION evpeft, when called, checks his 
inputs and finds, let us say, no signal on hrs signal input pOrl. He compbin* 1e the RADIO eipfcrt (via 
SUSPtClOUS-PORH his taller, that h* has been unfairly abused. He recommends that SUSPIC IOUS- 
PQRT be applied 1o the audio section'* input port -- the port between the flF and audio sections. This 
causes: 1) the source (RF section) to be suspected Of no! gerwfaling s correct signal. 2) the audio 
Section lo he suspected ot preaenlma a low input imps-dance, thus overloading Ihe porl, and 3) {j 
priori unlikely) the ?M diO senior, *as fault 2) causing fault 1 )l W»-fllher or not '■■* AUDIO-SECTION 
expert i& called to check pOssibrlMies 2) or 3t depends upon wh-al Ihe RF -SECTION esrpert returns. [I 
the latler tomes bacK errttv -handed Or wilh prohlr-ns near his output port (which he will expficifty 
indicate), 2) and 3) must be Investigated. Other*!;*, SU5F]ClQU5-POr?T wifl be sail si led *i|h 
explanation L). 

The RF-^ECTLON expert is called and Ihe bug is $tmil*ry Traced . Ii i| cteir that Ihis process 
can be cunli-ued recursively until some particular s 1age for pair qt sts&est accepts the blame tor Ihe 
iJ-OublB?- There i* a possible hitch — fttdback. Suppose «* tome into the HF-SECTION expert with 
the symptom DISTORTS ON STRONG SIGNALS and suppose that th* distortion first appears on the 
output port oF Ihe IF {intermediate frequency) strip. It i| possible that neither lha [F strip nor the 
detector is resporisihlti* Yesf Notice that in addition to a signal porl, 1he IF strip has auxiliary input 
ports r'&r power and control. A possible etus* ot the problem is Inal the automatic gain control (AGE) 



buss h*s become inoper alive allowing a strong sijnal lo outrdrlv* JF*1 into non-linearity. The 
procedwe thst we have described tan, in lad, catch 1Nt. The 1F-STRJP expert, an checking his 
inputs, wiM discover That the control input it PrtOBmict i» the signal input. {Notice thai descriptions 0t 
control signals must reflect Ihei' dependences an oil - *' signals.) The RF-SF.CT1C1 expert will then 
pass the- tract? back; SUSPICtCHJS-PORT will be applied ro (he port between the AGO bcrss and the IF 
Strip, Nqw p in fact, lh« inpuh signal to the AQC buss is distorted, the AGC-BU5S a*pert f however, 
rf&c5 not car? what his input signal looks like other than its having some minima! average voltage. 
Slntr m*st any input to the AGC buss will do, the prculem nu&t be in the AQC buss or in the IF slrip. 

0' course., one could imagine Feedback situations m wh*eh the detail* of Iha signal fed back 
really did matter, [n that case same sub-section expert would h*v# passed the Irate t>Kh to a point 
along the signal path that had already been visited. This -is a tip Olf to the calling expert thai he is *n 
a lOOo and had belts* do something lo breaH it, The general solution to the problem is to choose 
sOttib pOinl in the Feedback loop where it can be broken by terminating the output side with the 
co' reel load, ar*d simulating a good signal and source imped ante, at tha input skta, Tha decision as lo 
where the loop should be broken will be based on tha feasibility of supplying the correct terminal 
conditions and the mechanical inconvenience of actually executing tha brea*. 

How does LOCAL know what signers it shOuU find at the ports of the vtrious. morulas? This 
ini-ormalign is iniplkil in the extrinsic descriptions oF Ihe modules. Tha **tHnsic de.SGrapfiQ.n of tJie 
radio if thai it is a da vice- that decodes RF encoded audio in'ormalion inla the base audio- This 
dg*c r in! ion tells us thai t h e npul to the radio must be RF and its output is s^dia. No* uvt radio is 
composed OF an PF section whose extrinsic purpose is to sense an amplitude modulated RF voltage and 
pu1 out *n ?ydi* voll^a^ Fhnt lollops Iha- modulation. Tf's 'alter description no 1 on'y de'ines the \f?> 
properties of the RF section but father specifics the input poH signal OF the Overall radio. The RF 
Section run * converter that <*<■**$ dowrt amplitude modulated fiF to AM4F at 455khLz. Such charat- 
Irn/aliOnn && all th? w»y 10 tho boHom Of the Ner archy. The transformational descriptions 
embodied in 1he modules' edrins c descriptions secva to drfnr and reFine the nature 0' the signal at 
rafh port, Consequently the Obvious first task LOCAL should carry out {on s radio it has newtr ^ern 
before) is. 1o walk over 1h* module hierarchy desc^ibinE what the signals should be like at the ports. 



hJolo the great power of the aiflrinsk description*: they allow LOCAL to make qualitative 
pr*cktioni about the ou'put sign*! whenever th* ifipgt signal ii as required. The essenlial properties 
of circuits can bi predicled mcjrj dircclly than wight seem possible fusing inlrir^ic description*) by 
ignoring two * nds ot inFor^i^r,: Ihe poetise and gory details oF 1he signal, and the f»*tUrf ol the 
output when lb? input is nol ?ij the designer expected. Suppose (hat LOCAL kno**. !h*( the miwer 
*l*fie oi Figure 2A has a1 ils F* input port a ICOOfcHi signal, amplitude modulated al lODHz. LOCAL 
deducat from the extrinsic description 1hi1 the s^n?! at :•-* output port is centered at 465kHz and 
amplitude modulated al LQQHz. Incited LOCAL could have deduced Ihe sarne outpul from the inlrintie 
descriptions intficijlir-g. 1h,»t the mi*er is a variable gain HF arnplhier wilt* narrow -bind output wherein 
lhe gain is governed by the sinyaoidally varying DuLpul ot Ihe oscillator. Some algebra and the 
consideration oF lhe Ouput hlter would yield 1he desired resrit, bul with considerably mewe wort Of 
course the itftrrnsie eompuFatiar* could also l*H LOCAL 1h» »1f#ct o( 1he nsciMalor'* oscillaling, *t 

5&5kHz ss wd 1 - 

We also ihink thak extrinsic descnpltons a*e the essenf* of the "* I rue lure" in structured 

progf sfluming. Imagine 10r trample a file system having a File deleting subroutine. The 
lad (hit in the course of execution- ihis subroutine manipulated certain interlock. m£ 
mechanisms is irr*l<van1 to underslanding Ms eif Innate behavior a$ an agent lor deleting. 

fib*. 

Af lhi 5 point we must adwil 1ha1 we aver-simphdei when *e explained lhe intrinsic fait rrn*je. 
dkhptcmty' as "what i1 is" versus "what it does." The deeper one goes into lhe hierarchy of eslrintic 
destriplion ot the radio, the more ace discovers how Ihe radio is implemented Note also that the 
lra^mg technique we *ave described is a-pplsttble lo any 'Flow* processing system where- |he 
processing has distlrtfiuiihed itaj.es, e.g. chemical plants, programs, tte. 

4. Intrai-staEO PcbuaSirifl 

After LOCAL localises the problem to some si age, t*w does il manage to come up with the 
ol fending, component? The analytic- took used m inter -st ago- de/buf {^ * re not appropriate wilhm 
stages, as the nGliQrrs of sijnal »"d signal processing. £ive *»y to the notion* ol vol tages, cur rants and 
Impedances. Of these three terminal variables only 1he First is conveniently measurable in an 
operaling circuil. There must he a better way to isolate the failing, tomponent(s) 1han by rsmOvrs 
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every component from the stage and verifying Ms mlrinsic spsdihcations. 

We ejfpspd the proposal/sal isl ac tian/s/ei-M*caMon processing gl Figure 1.1 mlo |ha recipe Pf 
FhGkjrc 41. The first order ni business, a$ m inter-slage debugs, is to verify thai the rnpuls are 
*CCtplpb% end that th* oulputs show I he sy-mpKHns indicated. The m%\ thing Ihstf happen* is fat the 
DC rtOd* pOlenlials are- measured a I the intern*! nodes (nodes not parts 0* pQitsJ oF the suspected 
&Ug,e. (This measuring pyotess may be carried Mil campleWy or it' may rtJ\ as » cO-rOuline with Ihe 
arwriysu pf th* hypothesized failure.1 ]f 1he measured values are substantially the same a; the values 
en (he schemata, then more Ihan likely the problem is to be found it* some essentially AC subcircuit of 
the ilage. This ebeervaliOn b important lo the next slep in the recipe, the proposal o1 a plausible 
failure m some fprnpen B n1. As was the ca^c wilh the experts encountered in inler-stagO debuggjiHtg, 
enpfri-ls ait this level h*v* pTOpOsers wilh prejudices aboul whal to try„g,«<wi varwus complaints. As a 
defauH oplior*, a proposer rpi-ght otFer up failures in their a priori Order Ol occurrence. ]f the DC 
quiescenl vafues *f# OK, I he proposal Jilgoriltum should giv* higher priority tq |fa consideration al 
failures oF compon«nU whose pwposes are cOrxerrwd wilh th* si age's si-gnal coupling; to the outside; 
internal AC feedtwh pais* should be grven similar consideration. One might irr-HS»na th*1 in (he worst 
case LOCAL bUncHy veriFies ihe inlrinsie BpeciiicationJ of each coherent. towever, mflst proposal 
can be eliminated by I he ar-aiysrn packages which will aMa^npl lo reason lorwafd from a hypothesized 
failure tq j« if ■! supports It* observed AC and DC Eymploms ai ihe stage. Finally j componenl 
expert is taJliid upon to veriry thai the rrahcated component really is the culprit. 

This intr-a-ttaga lOcalizalion tchjfna wilF work very elfeclively. When a cOnsponen! Fails, the 
change in Ms behavior < 5 rarely subHe, Typically a twp-terminal component wilF have shorted or 
Opened. A iransj$l0r is |*ely lo suffer (he sane so-1 of Jaiilure al One or the other of ils junctions, A 
set of such conponenl failures sorted in. decreasing likelihood or occurrence might be (transistor, 
electrolytic capadtor, re%i 5 ro-r, ordinary capacitor). Most component lailures lead to significant 
thang.es in th* cn,i e «en1 DC conditio^ el (ha staje. These changes almosi surely engender dfettfrliOii 
if not total ni E rgl loss. Thus ws\ hypotheses can o* tillered out by i rather crude anatytic program 
called BIAS who?? behavior we *i I describe shortly. 

Also 10 be considered are Jhe number pf stage experts and (heir expertise. Th*r# are probably 



2> 



J i- 



PIOW I : 



Measure quiescen 
DC node 
[: c tent i a 1 s 




Propose 3 failure 

based on those 

measurements 



CAN'T 




NK<T 



SATISFACTION: 



If the failure is in an atomic coitipon&nt 
with DC teleology use BIAS to show causal 
mechanism. 

If the failure is an atomic cunpcnert witr 

AC teleology use AEDES to show causal 

mechanism 

Causal satisfaction may be indicated by 

prejudices of proposer. 



SATISFY 



VERIFICATION: 



Call sub-moduli 

expert to 

veri fy . 



VERIFIED 



VERIFIED 



FIGURE <L1 



aboul Iwo dozen generic stage type-a Id be FOurd n radios. The siege experts 1 knowledge 

encompasses Iht typical manifest anions of stage failures, typical slige input and output signals, and 

typical features of implementations of the stag*. Each type ot stag* can have relatively IW hind;, ot 

manhestalions Of internal Failures: atnpliligrs nay eithibit distortion. They nay Oscillate, Or 1hey may 

diel vHr an o.Jp-ut which is unitotmly vn I he Frequency dat\i n) a'lenualed. An oscillator -csn deliver a 

fh(torl*d pecrodit Signal, deliver a signal at the #fang Frequency (including an aperiodic signal), or 

dnlvMr no signal it all. A demodulator may exhibit 'failure to Follow" distortion. As Figure 4. fc 

inrjieatts, e*pf»r1s are esf-fnliilly the same from th» procedural point of ui*w. 

Lei us. examine the working nf BI&S, liihieh figures most importlntly in Intrt-slafe analysis. 

Thl? analysis iy based On the Ideology o1 tuating, iwtworKs, eomh.ned with simple qualitative- models. 

0( V*l-iOUi Circuit components. 

We fc.*ww ol nG presentations oi such an indornal model in '>e lilerature o' electronics. 
Our rOnvBrsahcms w*th people who are rtbvi in th* field: Instate that they all US* SUth 
models, though perhaps nol this one. 

We will introduce the ckcuil model wilh a mechanical metaphor. El should nOl^ be -confused wilh- lhe 

precise mecharwcal analogue wherein capacitors, inductors, and resislc*s.a*e isomorphic 10 spring?, 

mas-.c'., »nri ria^hpiFn respectively. The qualitative model we af* USii^L dOBS not *Sfp«iin rejqrtanl 

networks. It does quite eMettively explain biasings the use nl reactive- components For blocking, 

coupling, and bypass.; end -- 10 same evlenl -- 1hs large signal behavior OP active components. 

Consider t h ie ccri-tia" emilte' arrolifier oF Figure 4.2. There are rigid anchor nodes, such as +Vq* and 

gfOund; I he stage e*perl perre^es Iheso at being lived *t sOm& K level Tnerc- sre FlOat.ng node? 

such as the collector of Q r whose potonluls vary'irKremenlaliy with the prevailing signai cordiiiop',. 

The physical mcdel ol a resistor is that when One end or st moves, the other end oF it will be pulled in 

the same dire-dion -- rather iike a spring. Inductors ar*d capacilors are similar to resistors, except 

that their "spring cOnsI ants' vary w<th signal Frequency. Transistors have a more comple* mechanical 

behavior: a bipolar transistor, operating in the ael'v* region («mitl*f-b*Se junction lor-wjfd rjl»td 

and 1he cOlledor-base junction reverse biased} acts as if the base and emitter were connected by a 

string about 0.6V long This means lhal the base (emitter) inay "pull" the emilter (base) but not 

"push" it. For Jhe purposes ol the mechanical model, 1he connection between ths enilter ard :0l.ecC0r 



w+v. 




FIGURE 4.2 



may be drought of a a I'Mlstor (tpring) whose resistance (spring ecwtinl) varia* weaMy with base 
currenl dt emil(er-bas,e vqIU^ In addMisn to. these eledroiie praparlta; ot ihe transistor, a 
tran&i&lor can be operated in topoloflit*Hy dfcliriet conliguralions -- eommnfl emitter, tnmrnon 
collector, and tdmman base " and in d«*tirltt duty cycle regimes " das» A, B, and C Class A 
operalian is linear, tbss. 8 operation rectifies but preserves amplitude modulation undislorled, and 
class C operation throws away all signal inrforiiitfion except IreeuarKy. BIAS can recognise these 
regimea from g<?$ tOnsidiralions. 

Now lei's sta how this, qualitative physks is actually implerMnttd in BIAS. BIAS" purpose is \o 
predict lhe elFects of a change al one nade on the othc r n^des ot a stage. To thai end there are two 



important computation*! sli-ueluraii the aftlatcdent rute and the propagation palh. Antecedent rules 
da-scribe ho* * chaise on One node ol * compdrsnJ a<1«ts the component"* other nodes. Charge? 
arc reflected by assertions in a dila base. For a resistor the rule is simple: when one node moves 
(i,e, iti node potential change*) Ihe olhsr node r»V« in 1h* same direction — bul less so — provided 
that it <* *10t S Stalic node. BIAS maintains a partial Order ol the- magnitudes o( nod* potential 
nwv»hie-nti which reflecls rhu 'act thai era node 01 the resistor moved more lhan the other. Bypass 
and coupling, capacitors, h^tj: rules similar to that <e# a retailor, except 1hat Ihe leplled incremental 
change musl be at th* stage's associated signs! irequency. A mora complex cornpOnenl hk* a 
transistor must have a collection dI rules to rjllect this complexity. The data base contains assertions, 
describing, the operating conjuration o1 1ha transistor te.g, class- A h common emHttr, etc.) The 
anleqnciwnl rules associated with tht transistor, though triggered by assertions about node potentials, 
must esamine the cOntiguralion assertions to deleting y«M causal behavior Id rotloct in (he data 
base. For Ihe transistor 1 ol Figure 4.2, a change in. the fcase palential will cause a change of Ihe same 
nt&jnitude and sign in the emiller potential. The colleclor potenlia* will move in the Opposite direction 
with i larger rrtig.nilude at change, 

Propagation path? a** constructed hy BIAS 10 make convenient 1he compulation of initial 
changes in a slave's qui*s*en| DC condilions due to MHne eomponent failure. Each flo*tlnj node' is 
exsmir^d and the paths attaching it to fixed nodes are noted. 4.r*]des 1hg.t »re pari oF Ihe stage's 
various ports are considered lo 'j* fi^ed From BlAVs point of view.) For e*amp4e f the baS* d the 
trans.:-5tor has the paths: *B-*C cl -*[>, ^B^gj-*^^, cB-P 02 -GND>, <B^q i F? L ^*V cc ^, 
«B-tQ,ny-*GNr> h and ^B-^Cp-GHO. Propagation pains haw comment* attached lo them, indicating, 
for example,, I hat a path with a coupling capacilof in a DC Open unless Ihe capacitor shortt. Similarly 
a path with a rad*0 Irtquency cfmHe is an ^!F Open unless the coil shorls. F*a1hs that traverse P-tJ 
Junctions conducl in only One direction qr the other, depending on th* prevailing biasing cOndihOns. 
This means that it a diode bernmen reve*s* biased, its "wo ends are disconnected in this model. 

There is a Unal fute lha| should be mentkmad before proceeding lo esriffline soma analyses 
earned Out by 9 1 AS. Notice I hat Ihe antecedent rules that we have mentioned hold when a component 
is true to Ms intrinsic description in the configuration indie sled by Ihe circuit diagram. Not only ten 



antecedent rules become Invald because of component failures. prOpagaliw paths may change as wall. 

Hypothesized faifufes trigger the manufacture of * new data bate cOnleid for BIAS, containing 

diff«ren1 antecedent rules and prcoaga" sr patha. Antecedent reasoning done subsequenl la 1he 

hypothesized failure will b* receded by assertions in (he new contewt. 

Suppose Ihe presenting symptom grven to (he stage expert is that the stage (say, an audio prc- 

*mplifntr> is BKhribiling horrendous distortion. In particular, it seems to be delivering an amplified, bu' 

reeJHied, v*rsiO«i Of its input signal at Ms oulput pari. 

[n our initial presentation of the method ot mtrj-st*6# analysis we suggested thai ell 1he 
quieseenl node potential's rnjiy be measured First, tn the present Hlustr ahons such 
"■ess^rerienls will be cone by co-rauline wi1*» Ihe analysis and vesication procedures. 
These illusl rations are i n I ended 10 ex^bil the proposal of 40m wrong hypotheses and 
their subsequent rejection, followed linalty by the hypothesis and verification of Ihe 
actual failure. 

The Opening ol R^ is hypafhesized. Heie* (he node C lQs*s Ibt One path holding rt up to *V CC . This 
means that C musl (all. Actual measurement of C instates 1hj| i| has risen with respect IP its nominal 
valuer so this hypot-esis is re-et'ed. The nert proposal is that R 02 is shorted. (This hypOlhesis 
would not really come up because OF its a. priori imp'obab lity. ]1 is proposed her* out d Its 9 
priori Order 10 illustrate the mechanism.) This meant that the nod* FJ is shorted to ground. Actual 
measurement indicates that '*-a1 his occurred. Smct this upsets Ihe Forward biasing ot the emitter- 
base junct'on, ihe trans slor s cut of?, i.e. no collector cvrranl. Since there is no collector current 
Mo/wing, there is no •Phage drop across Ri , hence C rises to *Vp~, Actual measurement supports 1 hi s 
conclusion. Finally the lack of collector current implies essentiaIFy zerP emilter current, herne no 
voltage 10 speak pi across Re. So Ihe emitter shooW have fallen to about ground potential. Actual 
measurement verities this as well. We now have a hypothesis which Is verified by DC forward 
reasoning but it is unsatisfactory because Ihe snarled resistor couples the AC input signal directly tc 
ground. 3FA$'s model of 1he transistor indicates that in the common emilter configuration, the b*sc 
poleMiai mi;sl be incrementally variable In order for Ihe transistor to be Operational If Ihe base is 
shorled fo a fined pai-vt, it obviously eannol vary. So nothing should be On the common emitter 
amplifier's output port. (We note that there n another component bug that satisfies the DC 
observatiorts, but nOl 1he AC ones; the shorting ol the emilter base junction.} Finally Ihe. opening ol 
R B1 is proposed. B 1$ K-eld by *B-*Rflj-*GND>, <eK3,Rt-*GNQ>, <S-tRg,-tfV cc > and <B->QjC E -»GNOr 



<8-»R B1 -t4V cc s- is severed fey hypoltosk ind <B- l C^- t +V a -> jrirj ^B-*CC^-CWf> art DC Opens by 
virtue Ot the collector -base junction and bypass capacitor respectively. CQ^sequanrly B it hskl uro to 
♦V^c (known 1o be positive with respect to jr&undl by One path lewer; hence B imrel fall tn fact it 
*PCU*d 'all tO Bfdunrf s-int* it I* Md by "0 Other positive fixed 1 pO<nt. How the follow :ng causal chain 
ensues: since B ha* fallen to ground, the base turffliil iO» 0, is *b*q; hence 1he cC^lec'or and enrtler 
currents are about «ro as well- Finally there is no voltage drop across R|_ or H^ since there- is no 
current in (herni so C must rrse to about W cc and E mint <al! to EjjrOiind. All these DC conclusions 
tot respond lo the DC' fads as mmured, Given the way the IransislOr is now biased, only pOsilive 
Swings of the input will result In tollettor current, I.e. the stage it oparttlng « ■ d»s 3 amplifier. So 
we have a complete explanation of the original cgmplilnl. The resislor ex perl is called on to verily 
|hfl1 Rgj has Opened. It extracts Rgj from the cirtuil and tssls ts ntrinsic properiies. The resistor 
ex per I reports thai Rg, is indeed open h whkh eompleles 1he localization. 

The following exarrple shows how a compound failure is handled using the hypothetical content 
rule w? de^ribed above, Suppose that LOCAL his just dia&rmed an Open emiHer-base junction and 
thai 's 'epl-aced to etfect a rppai r . The same bug recurs in the "repaired" circuit. LOCAL now must 
entertain the unpleasant possibility p( a compound Isii'ure — one in which the observed failure of is 
a consequence pt some deeper taws*. LOCH must cOmc up wjlh such a failure. The tiilure of Q now 
hctOmr-. it symptom o1 Ihr as y*t unknown cause. LOCAL musl anler J n»w pass 01 prOpOsal jnrf 
verification. Suppose in Ih-e second pass al proposal Ihe opening of Hgi is hypol he-sized. The 
reasoning that we saw previously stows that !h« current flowing in Ihe collector (e^itte^? would 
decrease- to its operating mirninuhr. This state of affairs is quite unlikely 10 lead to Ihi Opening of a 
transistor iunttron thai we Know to be the case. H&nce ihe opening of f? gi :s rejected. Ne*i ihe 
Opernne of Rg 3 is proposed. ]ntfeeo the base bus potential would rise toward +V CC , causirig the 
collector (emitter) current lo be large, and having the possible secondary elfect of opening the 
ernitter-b^se (unction. Adua' ZQ measurements on Ihe Iransistar show thai Ihe base bias has 
remaned essentially at the level set ey 1he volta&e divider. Consequently the Opening 0+ Rgj musl be 
rejected. Fmally the ahorting. of C* rs hypolhesiied. The p*1hs holding on to E are ^E-'OjH'i -*+V cc >- , 
-£ E*»Q,Fm~*»V 1 ££' > 1 *E-Wg2"* CND 1 ", and ^t-^^-^KP, Again paths containing healthy cipacito'L z-'s 



ignored. Cp/s shorting means that E n ptrlle-d hjrd lp S^und. [n order For g tp |tkK E, the 
impedance sees* by B looking into Q had batler be very small. Alternatively, if ft* vail age drop across 
R B1 becomes. big enough lo alio* a To 'ill wilhin 0.6V ol abound,, (he current thresh l» B1 inci-gases, 
ar»d Ihe. di Florence goes through the transistor. Thus the calleclo* current of the transistor must 
increase, increasing Ihe thermal drssipalion of the transistor, perhaps **c**dic^ its riling. If no 
subsequent riiluro Occurred, ill |h* floating node potentials would Fall, which is incompatible wilh 
observation. Three consequent failures are possible to hypothesize- t*e opening of th* emitter -base 
Junction, the Opening of the collector-base junction, or th* opening of ft, Since the first consequence 
corresponds to the adual state ol atfairs is analyzed and verify once before, Ihe shortly ol C F is a 
»Utf actOry hypothesis. The capacitor expert is called 1* verify a shorled C^ as proposed. 

Lei us now consider two OlreT stage types, an IF impliFiar and an AM peak dateclor. The 
motivation lor examining these is two-lold: first we should lrk« to. illustrate some ttiA[ proposal 
Knowledge that is s1*Be-spircrfic. Also 1he bugs en |h«se slages will serv* as an introduction lo a 
more precise analytic tqql, A£0f:5. Gonsider the IF imphljer 1 Figure *3. Havrng focalized 1he Failure 
to 1hp 5 stage, LOCAL presents the stage enperl wilh a complaint of no output it ail. Fo^lowrng the 
recipe presented at the be&inning of this section, ft* stage e*perl discovers I hat (he. bias pOlenlials 
are *H up to specifications {thus. Ihe transistor is probably OK). He passes to more ^pecifre knowledge 
about IF amplifiers, He knows 1hat IF trnpNIIers. being narrow hand, Usually have narrow band 
'Merino; networks at iheir input and output ports. Furthermore, in order to gal a signal out of |he 
amplifier, ihese fillers had better ag*ee as to what band 1hay want to pass. There are two 
ma<h?nisms 1hat nig-t cau^e Ihe pass-bands to disagree: Ihe canter frequency of one filter has 
moved substantially wilh respect tq the teMer frequency ol the olhex. Alternatively, the skirts of One 
(or both) ct the Jitters, nay have been "squeezed." Si^ce Skirl width is controlled by Circuit 
resistances, The A priori probability ol the frrst explanation is much higher. (The foregoing n 
encoded id Ihe proposal prr>.ijdices associated wilh thrs stage.} So we need a -iwrow bard filter 
expert whom the stage expert can ask tor failures thai mighl move Ihe canler frequency. The filter 
expert, on receiving the complaint of frequency shift, might try an independent test 10 veriFy that that 
is indeed the case, This cou*d be ck»e by inserting a tesl signal into the tiller, Having decided thai 
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tho t*n1rr irrqi^^nry ha:, indeed moved, the precise na1ur« ol the lailura *ill be determined with 1he 
help gl AEOES, Tlte evp^rt riqes an analysis pf Ihe jantfc form as those *e have already looked at: 
prosct-al, lorwa*d *eaiu™-^, venlica'ton The dMler?-cc b Iha1 AEflES i* the initiate tool to* 
(■Coward reasoning, tn the preset c*sb ths failure flf pome ■cCmpornnt in the |un«d el'SUil! would be 
proposed, The- transfer function ul the bvi£-free luned «1*ofii would be con 1 puled by AEDE5. Them 
1he traiwfer function of 1he ne5*or*. with hypothesized bug would be computed. This would enable 
LOCAL to compare the cha r acleri*lics of Ihe buggy circuit with the consequeTvcBs- *F the hyp&th^jifed 
bug. lr they match, 1he appropriate component export is invoked 'or verihcatiOn. 

Nte>w let's Look ait Ihe narrow-band peafc envelope oeleclOr st*ge oi Figure A.4. Thr ope ratio* 
Ol I hi 5 aVt^lOr {which it reflected iri the #*|rHt4Je COrrtanentary Qrt if* part*,) can he JhdeftfDCd as 
rscliliotton followed by low pass Filtering. Suppose 1he presenting complaint aboul Ihe s1ap.e were 
that it had no audiO OiltpuT A til, Indeed lfimi; possible underlyr^, causes lOr this manifestation crxjld 
be understood in terms of 1he mechanicil metaphor we presented earlier. (TJy "undor-stahd" we majn 
forward «trtal riasorung Ironi the hypothesized taiiure to the Obs&rvBd minifcslallorO If the 
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problem wrr* that II* (bode had charted, *e daubf lhal 1he manifeslalion could be understood othur 
than by doing a detailed AC circuit' analysis AEDCS could be used 10 compute, thn lunjfec function of 
the detector stage urcfer the conditions 01 Itw hypothesized showed cfcoda, The sis^l |tans.FormaliQn 
properties oS lhe slag* — with th* suggested toiN*e — could then be compared with the observed 
transform a I ion properties If the mitth u good, 1he appropriate component esiperl would be invoked 
for ve/iticitiOn. Justice thai thlt i* » pt/lKUlirly trivial detector. A mare com pie* one Ink* Figure 45 
really tails for rather precise analysis to come to grips wilh its Failure mechanisms. e.g. what happens 
it one drflde opens? We should atsD point out thai 1he*e are more subtle bugs in prak detector:; tftan 
the One mentioned. A delrxlor may exhibit insufficient bandwidth or selectivity, It may also cxhib«l 
"ripple"* distortion,, "failure to iollo*" distortion, pr distortion due tn improper offsetting Of lhe diode 
voltage drop. All oF Ihese bujs can be understood anty by understanding the -detailed AC operation of 
lhe circuit, 

A£DE$ rs lhe computational tool for urvJirsfindiig detailed circuil behavior. AEDES model? 
circuits in terms oF node equations and syslem functions, tha^ hOwever h re where the simitarrty with 
oilier circuit pro&rjms ends- (See For exjmpk ^Penfield L971> »nd ^Oerlouzos 19b7>.) AEDLS -. 
purely symbolic in Ewo senses. F irtl of ill, circuit descriptions are iin terms Of abstract al^ebram 
psrimrte-rs rather numeric descriptions. fQF course the parameters may be bound lo numbers and 
evatualed if desired.) Thus circuit behavior can gasily bi examined Wider lhe variation of parameters, 
including the extreme conditions of fero and infinity. The second sense in which AEtJES is a symbolic 




FIGURE 4.5 



analysts tool, k Hint il has access to the hi»r wthtCUl descriptive structure lha.t LOCAL imposes On Ihe 
radio. Th>s permils ns* networks to be analysed in terms cd previously analysed tub-netware. 

AMhoyjh AEDE5 is a completely general elrtuil analysis system, it it also very sxpe naive 14 use-, 
C0nseqi»iil1y we will limil \H use to pt*C«sely 1he hind a1 mtra-slase problem lhal we have jiret 
outlined. (AEDES <S "fll unliHe a comp^la proof procedure: to be L'Sfid only when- clever, fast 
method* Fail.) With r^Wance <fom the slage es^rt, AEDt"£ tan determine the algebraic descriptions of 
I he relevanl pass, bands crt the IF ampSilwr, Thl* description, suitably evaluated, would allow the 
narrowband fill** expert to dele^Tii"c h?w various component failures might affect center frequency. 
Similarly, a amiable piece-wise linear model at Ihe dods would allow a detector rxpeM Iq dclnr-ninc 
how the low -pass Filter at the ce teeter's output might be alFedcd by vanous component failures. 
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